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Abstract 
Phosphoric acid production is a well-known and mature technology but still has room for improvement and innovation. In that 
respect, the permanent exchanges between process engineers of plant and design offices are of great value. In the Prayon production 
site of Engis, we have both and achieve permanent plant improvement due to communication between the divisions. 
The production plant operates under the Central Prayon Process in operation for more than 40 years. It is a dihydrate-hemihydrate 
process producing an acid of 32-36% P2O5 with efficiency higher than 98% and a high quality calcium sulfate valorized in the 
plaster industry.  
Considering our client requirements, the quality of the calcium sulfate needs to be followed with great care and cannot suffer any 
deviation. The Prayon tilting pan hemihydrate filter needs to be permanently at its best. The P2O5 content in the calcium sulfate 
(with a maximum limit at 0.6%) must be carefully controlled during all operation time. Therefore, cleanness of the clothes has to 
be constantly kept as best as possible to ensure the plant capacity and a maximum P2O5 yield recovery. Moreover, cell cleaning 
operation must be reduced in order to limit the maintenance and the shut-down costs.  
To tackle these challenges, a joint team of Prayon production plant, Profile and Prayon Technologies has been established. The 
cake wash water flow has been optimized in order to improve the cake washing efficiency and minimize the P2O5 losses.  
Furthermore, a new high pressure oscillating ramp has been designed to greatly improve the cloth wash.  
Finally, new two parts cell bottom has been implemented for easy removal and cleaning of the filter cell bottom. 
Overall it allows the Engis plant to save 400 hours of maintenance per year, to lower the shut-down time for cells and clothes 
cleaning of 2 days per year and to recover 850 tons of P2O5 per year by efficiency improvement. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Nomenclature 
CO co-crystallized  
CPP Central Prayon Process 
DH dihydrate 
HH hemihydrate 
PRT Prayon Technologies 
UN unreacted 
WS water soluble 
 
Phosphoric acid production is a well-known and mature technology but still has room for improvement and 
innovation. This paper presents some of the last improvements that have been implemented in our phosphoric acid 
plant in Engis, Belgium. This plant is operating under the CPP for more than 40 years. 
The CPP is a double crystal process and can be divided into two different stages. The first stage is operating in DH 
crystal shape while the second is operating in HH shape, see Fig.1. 
The first stage consists in the production and separation of the diluted phosphoric acid from the DH calcium sulfate. 
The phosphate rock is reacted with the sulfuric acid and the recycled sulfo-phosphoric acid (resulting from the HH 
cake washing). The reaction parameters (P2O5, SO3, temperature) are adjusted in order to crystallize the calcium sulfate 
under the DH crystal shape and to produce a “weak” phosphoric acid at around 32-36% P2O5. The sulfate excess inside 
the reactor is relatively low, around 1% SO3, so as to minimize the UN P2O5 losses. 
A part of the DH slurry produced in the attack tank is sent to a first filter where a flow of weak acid corresponding 
to the production rate is recovered. There is no washing on this filter. The DH cake discharged is re-slurryied with the 
remaining part of the DH slurry by-passing the filter. This thickened slurry is then fed to the conversion tank in the 
second stage. 
The second stage consists in the exhaustion and the separation of the HH calcium sulfate. The slurry leaving the 
first stage is reprocessed under far more severe conditions resulting from a strong increase of the sulfuric acid 
concentration and temperature. With these conditions, the DH crystals are quickly dissolved and recrystallize under 
the HH shape. During this step, the CO P2O5 contained in the DH crystal lattice is released and in contact with the 
sulfuric acid reacts, recovering phosphoric acid and producing α-HH calcium sulfate. 
The parameters are permanently adjusted in an attempt to obtain the maximum exhaustion of the CO P2O5 and the 
best HH crystal shape. 
The HH slurry is filtered on a second filter submitted to a counter-current wash with hot water to recover a 
maximum of WS P2O5. The resulting filtrate is recycled to the reaction section. 
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Fig. 1. Flowsheet of the CPP. 
Due to a double-stage crystallization and an efficient counter-current wash on the second filter, the process achieves 
higher efficiency (at 98%) than a single-staged process and the high quality calcium sulfate can be valorized in the 
plaster industry. 
Considering our plaster client requirements, the quality of the calcium sulfate needs to be followed with great care 
and cannot suffer from any deviation. The P2O5, the moisture and the pH of the calcium sulfate must be maintained 
under a precise range. The specifications of the calcium sulfate to be produced are: 
x Total P2O5 lower than 0.6% required for achieving a good product quality in the plaster process; 
x Total moisture above 25%, in order to achieve sufficient self-rehydration of the HH crystals to DH crystals when 
the product is stacked on the ageing area, and below 29%, in order to avoid heating cost of the product in the plaster 
process; 
x pH above 9.0, again for the quality of the product in the plaster process. 
To meet these requirements, the Prayon tilting pan HH filter is a key equipment and needs to be permanently at its 
best. In the Prayon production site of Engis, the producers conducting the CPP process have a sharp perception of how 
their factory works while the PRT engineering office has a precise knowledge of how it should work. Constant 
interactions between both teams allow new ideas imagined by PRT to be tested by the producers in real-conditions 
and new improvements from observations of producers to be proposed to PRT for the design of the future plants. 
Focusing on the HH filter itself, the improvements recently implemented are more especially: 
x The cake wash water flow has been optimized in order to improve the cake washing efficiency as well as to reduce 
the moisture content of the cake; 
x A new high pressure oscillating ramp  has been designed to greatly improve the cloth wash;  
x A new two parts cell bottom has been developed for easy removal and cleaning of the filter cell bottom. 
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 These improvements aim for maintaining an optimal filter cake washing with the right process parameters and filter 
equipment in its best cleanliness state. On the one hand, it ensures very high process efficiency and on the other hand, 
it reduces the maintenance cost of the filter and by the way the shut-down time of the plant. 
2. Optimization of the cake wash water flow 
The influence of the cake wash water flow on the total moisture and the total P2O5 in the HH cake has been studied 
regardless of the plant capacity. The data have been collected over a whole year (2014). The graphic, see Fig. 2, shows 
that: 
x The total moisture of the HH cake is increasing with the cake wash water flow on the filter; 
x The total P2O5 content inside the HH cake is first decreasing with the cake wash water flow, passing by a minimum 
around 60 m³/h, before increasing at higher cake wash water flow. 
 
Fig. 2. Influence of the cake wash water flow on total moisture and P2O5 in HH cake 
To ensure an efficient cake washing and to recover a maximum of the P2O5 in it, a sufficient amount of cake wash 
water flow has to be put into the filter. In the first part of the curve (in red on Fig. 2), below 60 m³/h of cake wash 
water flow, the total P2O5 remaining inside the HH cake is decreasing down to the lowest value of  0.35% P2O5. 
Surprisingly, above the value of 60 m³/h for the cake wash water flow, the process recovery starts to be deteriorated 
and the total moisture of the HH cake is close to the highest limit for plaster producer. On the second part of the curve 
(in red on Fig. 2) above 60 m³/h of cake wash water flow, the total P2O5 remaining inside the HH cake is increasing 
with the cake wash water flow. Several reasons could explain this rise:  
x A too high amount of water is put into the filter and the time required to filtrate it becomes too long leading to a 
poor cake washing efficiency and a higher WS P2O5 loss in the HH cake;  
x The higher cake wash water flows are related to higher plant capacities. Indeed the cake wash water poured on the 
HH filter is used to feed water in the DH reaction tank and to control the P2O5 acid strength. For high plant capacity, 
the residence time inside the reactor is reduced and more UN phosphate rock may be found within the HH cake; 
x At high capacity, the temperature cannot be maintained sufficiently low in the reactor due to cooling capacity 
limitation of the flash cooler and some HH crystals are generated in the reactor instead of DH crystals. Whereas 
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part of the CO P2O5 trapped in the DH crystals produced in the reactor will be recovered during the conversion 
step, the CO P2O5 trapped in the HH crystals produced in the reactor is definitely lost. More CO P2O5 is then found 
within the HH cake; 
 1% rise of the total moisture between 60 and 74 m³/h of cake wash water flow leads naturally to an increase of 
P2O5 loss in the HH cake. Indeed, the washing water (consisting of recycled water flows from different parts of the 
installation) contains 0.4% of P2O5 and therefore 1% additional of moisture accounts for 0.004% of the total P2O5 rise 
in the HH cake. Nevertheless, it does not explain the total P2O5 increase of 0.08%.  
As the cake wash water flow is normally linked with the plant capacity, relation between the cake wash water flow 
and total moisture or P2O5 in the HH cake regarding the plant capacity should be detailed. 
2.1. Total moisture in the HH cake 
The effect of the cake wash water flow on the total moisture content of the HH cake has been correlated in function 
of the plant capacity. Higher is the plant capacity, higher is the cake wash water flow required, as a logical consequence 
of the water balance. This could be observed by the range of cake water flow shift on the right at higher capacity, see 
Fig. 3. 
 
Fig. 3. Influence of the cake wash water flow on total moisture in HH cake and related to plant capacity 
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For a given capacity, the total moisture in the HH cake rises with the cake wash water in a linear-like evolution. In 
order to meet the moisture specifications imposed by the plaster producer, the cake wash water flow cannot be too 
huge and therefore the specifications will be harder to meet at higher capacity. When operating the plant at high 
capacity, part of the cake wash water could by-pass the HH filter and feed directly the attack tank in order to maintain 
the moisture content of the HH cake in the specifications and, by the way, to keep satisfying the water balance (control 
of the P2O5 acid strength in attack section). However, if, regardless the capacity, limiting the cake wash water flow up 
to a certain extent seems also to be positive for P2O5 recovery efficiency (see Fig.2), it should be observed distinctly 
at each specific capacity. 
2.2. Total P2O5 in the HH cake 
As outlined for the total moisture in the HH cake, the impact of the cake wash water flow on the total P2O5 content 
in the HH cake has been correlated in function of the plant capacity, see Fig. 4. 
 
Fig. 4. influence of the cake wash water flow on total P2O5 in HH cake and related to plant capacity 
Each set of results shows a decreasing total P2O5 while increasing the cake wash water flow up to a certain value, 
meaning, as already stated for the results regardless capacity, a better P2O5 recovery efficiency. A minimum is reached 
for the 90 and 100% plant capacities, while for the 70 and 80% it does not tend to appear. However, since the water 
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balance does not allow an increasing of the cake wash water flow higher than respectively 58 and 66m³/h, the minimum 
may not be reached or a tendency may not be observable.  
Moreover, the minimum total P2O5 loss reached for the 80 to 100% capacities when adjusted with polynomial curve 
is between 0.35 to 0.37% P2O5. It means that the plant capacity has only a slight effect on the maximum HH recovery 
efficiency that may be reached in the process. More precisely, the increase of the total P2O5 content in the HH cake is 
coming from the WS P2O5 and practically not from the CO or UN P2O5 which are directly related to the plant capacity.  
Rising the plant capacity from 80 to 100%, does not impact the CO P2O5 loss. At full capacity, even if the 
temperature inside the reactor is rising because of the flash cooler capacity limitation, it only slightly affects the 
process with more HH crystals produced in the DH reaction tank, which would have generated larger amount of P2O5 
CO unrecoverable by the conversion step.  
Moreover, increasing the plant capacity from 80 to 100%, does not impact the UN P2O5 loss. At full capacity, the 
residence time inside the reactor is still sufficient to ensure a good dissolution of the phosphate particles. 
Nevertheless, above a certain cake wash water flow which is independent of the plant capacity and which is close 
to 60 m³/h, the filter starts to be overfed causing an increase of the cake washing filtrates density, deteriorating the 
cake washing efficiency and finally generating more WS P2O5 lost within the HH cake.  
2.3. Conclusion and optimization 
It has been demonstrated that the plant capacity (up to 100%) does not impact the P2O5 recovery. UN and CO P2O5 
losses seem to be stable whatever the plant capacity. 
The HH filter overcapacity is reached when the cake wash water flow reaches 60 m³/h. Above this value, the WS 
P2O5 loss increases and the total moisture content of the HH cake get closer to the high limit of specifications. 
From these results, recommendations to limit the cake wash water flow have been applied with an objective of 
minimizing the P2O5 losses on the HH filter.   
From mass balance, the nominal cake wash water flow is higher than 60 m³/h at 100% plant capacity. In that case 
and to maximize the P2O5 recovery, the cake wash water flow into the filter is set at 60 m³/h. The water excess is by-
passing the filter and is directly sent to the attack tank to control the P2O5 weak acid strength. 
However, at lower capacity, when the water balance forces the cake wash water flow below 60 m³/h, an economical 
approach should determine if operating the HH filter with higher water flow is useful because this necessarily leads 
to a dilution of the P2O5 content in the DH part and finally to an additional cost at concentration section due to higher 
steam consumption. 
Besides these operational adjustments, the filter maintenance still remains essential for maintaining the filtration 
capacity at the highest. Indeed since the HH calcium sulfate tends to rehydrate quickly, depending on the impurities 
content of the phosphate rock, the filter cells and clothes suffer from solids deposit and severe scaling. Therefore, 
improvements have been recently brought to the cloth wash system and to the bottom cell design in a way to reduce 
and facilitate the maintenance operations. 
3. New design of the cloth wash ramp 
To ensure the nominal filtration capacity and to keep the WS P2O5 losses in the HH cake at the lowest, the cloth 
washing operation on the HH tilting pan filter is essential. 
The old cloth washing system was made of a fixed ramp fitted with inclined « flat spray » nozzles. The hot washing 
water is continuously sprayed on the cloth by « spoon spray » nozzles fixed on this ramp, see Fig. 5. 
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Fig. 5. Old spraying system: spoon nozzle with inclined flat spray 
Due to the large orifice diameter (8 mm) of these sprayers, the cloth washing is performed with only 1,5 barg of 
pressure. Also the ramp cannot be positioned too close from the cloth because of the tilting movement of the cell. To 
remove as much as possible the solids and the scaling on the cloth, the water flow rate required is high (30-40m³/h). 
This system was not giving complete satisfaction. The cloth washing is not always uniform. Parts of the cell remain 
dirty and the cloth is scaled and plugged rather quickly. 
To overcome this situation, a new cloth washing system has been developed by Prayon. The new ramp is fitted 
with « solid stream » nozzles, see Fig.6. 
  
Fig. 6. New spraying system: solid spray nozzle 
  
The orifice diameter being close (only 2 mm), the hot water is leaving the sprayers with a pressure of 7 barg. The 
pressure impact on the cloth is higher and the cloth washing is then more efficient with a lower flow rate (10m³/h), 
simplifying the process water balance management. The cloth and even the grid on which it is fixed are cleaner. As 
the sprays are localized and narrows, the ramp is moving and oscillating to cover and clean the whole cloth surface, 
see Fig. 7. 
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Fig. 7. Oscillating ramp with solid spray nozzles 
Because of their narrow opening, this type of sprayers is more sensitive to plugging by solids. This is why a bleed 
valve is installed at the end of the ramp and is opened every 30 minutes during a few seconds to flush and remove the 
accumulated solids. The sprayer design has also been reviewed in order to prevent solids accumulation inside as well 
as to ease the deplugging and the evacuation of solids during flushing operation. The cloth wash flow is reduced by a 
factor 3 which is interesting in term of plant water balance.  
Besides the better cleanness of the cloth, the WS P2O5 in the HH cake has been reduced. Thanks to the cake wash 
water flow optimization and the installation of this new ramp, the process efficiency has been increased by 0.5% and 
reaching today 98%. This gain of 0.5% for the process recovery creates a saving of 850 T of P2O5 annually. 
4. New design of the tilting pan filter cells 
The CPP is suffering from the scaling tendency of the HH calcium sulfate. This product is unstable and tends to 
rehydrate quickly in the open air generating hard scaling. In order to ease the cleaning operations during the 
maintenance shut-downs, a new cell design has been developed in collaboration with Profile (the equipment division 
of Prayon), see Fig. 8. 
  
Fig. 8. (a) Old bottom cell design; (b) New bottom cell design 
The bottom cell has been simplified while keeping its mechanical strength. The slopes and the position of the 
stiffeners have been reviewed to avoid as much as possible solids accumulations on the cell bottom. The free space 
between the stiffeners is also larger, now allowing a faster cleaning operation thanks to the easier accesses for tools, 
see Fig. 9. 
183 Nicolas Van Lierde and Laurent Beckers /  Procedia Engineering  138 ( 2016 )  174 – 183 
 
Fig. 9. Cleaning operation with pneumatic hammer 
In addition to this, a new bottom cell made of two parts is currently tested in Engis plant. A set of the stiffeners is 
not welded to the bottom cell and can be removed for cleaning operations, see Fig. 10. 
  
Fig. 10. Removable set of stiffeners 
These improvements allows to save 400 hours of maintenance per year and to lower the plant shut-down time for 
cells and clothes cleaning of 2 days per year.      
5. Conclusion 
The close collaboration between both teams of the process engineering division and the phosphoric acid unit has 
enabled the achievements of the above improvements leading to optimal performances of the Engis phosphoric acid 
plant and to proven design for the next plants which will operate with the Prayon technology. Other inventions and 
improvements are still under development and could be presented in a next future.  
 
